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(57) A tubular liner 210 and mondial 206 ore poeitioned within a taction of wellborn 100 with the tubular liner 
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Z^J^^nSH, ^*«»«J"» inner and outer rogtone of the tubular liner are then (luldfcty Uolated 
5l ^^^"^^ flu,dic m * W,1,l 306 * I**** ""to . ponton of the Interior of 

the tubular liner 310, below the mandrel to preaaurizo It The tubular liner la aubaequendy extruded off of the 
mandrel. 
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2344606 

WEULBORE CASING 
Cross Reference To Related Applications 

This application claim* the benefit of the fifing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which ia incor p orated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particul ar to 
weQbore casings that are formed using expandable tubing. 

Conventionally, when a weQbore ia created, a number of casings are 
5 installed in the borehole to prevent boDapae itf the borehole wall and to prevent 
undesired outflow of drilling itutf 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which ia to be installed in a lower bore 

installed casing of an upper borehole interval As a consequence of this procedure 
10 the casing ofthe lower interval is of smaller diameterthan the casing of the upper 
interval Thus, the casings ere in a nested arrangement with casing diameters 
decreasing in downward direction. CementaimuHareprovided between the outer 
surfaces of the casings and the borehole wajl to seal the casingB from the borehole 
waiL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the weUbore. Such a large borehole 
diameter involves increased coats due to heavy casing handling equipment, large 
drill bite and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed* 

The present invention is directed to overcoming one or more of the 
limitations of the aristing procedures for forming new sections of casing in a 
weDbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of for ming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tabular lmer and a mandrel are 
then placed into the new section of the borehok with the tubular lin«^ 
an already existing casing. A hardenable fluidic sealing material is injected into 
ot, annmar region between the tubular liner and the new sectioned the borehole. 
The annular regtonbetween the tubular lhw and the new section of Oie borehole 
10 is then fluidicly isolated from an interior region of the tubular hner below the 
mandrel A non hardenable ihridic material is then injected into the interior 
region of the tabular liner below the mandreL The tabular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
casing ^ sealed. The tubular liner is supported by overlap with the already 
15 existing casing The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tabular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
inateriidisremcrvedfromthemterte The renuiining portions 

of the fluidic hardenable fhridic aealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material withm the tubular liner is re^ 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
manb^atubulsr member, andashoe. Tb« support member tacludesaflrrtfl 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular member is cour^ta the The shoe is coupled 

to the tubular hner and includes a third fluid passage. The first, iwot 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member indudes a first fluid passage, asewmd fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 



mandrel is coupled to the support member and indpdag a third fhiid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one seating member is adapted to prevent the entry of 
5 foreign material into an interior region of the tabular member. 

According to another aspect of the present invention, a method of joining 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that inchides 
10 of the second tubular member. A portion of an interior region of the second 
tubular member Is pressurized and tbe second tabular member is extruded offof 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that incl u des a tubular liner and an «rinnl«r body of a cured fhudic 
sealing material. The tubular liner is formed by tbe process of extruding tbe 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tto-back liner for 

lining an grating weDhnra w»dTig im pmyrrf^ font yiyfadyf ft tubulftr liner and an 

annular body of cured fhiidic sealing material The tubular liner is formed by the 
process of extruding the tubular Hner off of a mandreL The annular body of a 

25 cured fluidtc sealing material is coupled to the tubular Hner . 

According to another aspect of tbe present invention, an apparatus for 
expanding a tabular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firstfluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion, Tbz interior portion of the mandrel is drfllable. 
The tubular member is coupled to the mandrel The shoe is coupled to the tubular 



member. The shoe r™->»HiMt a third fluid passage opcrably coupled to th second 
fluid passage, an interior portion, and an exterior portion. Tbe interior porti nof 

the shoe ifldrillabk. 

Brief Description of the Drawings 

5 FIG.lbafragmentaiycross-se^ 

section of a well borehole. 

FI G. 2 is a fragmentary CToss-aectional view illustrating the placement of an 
embodiment of an apparatus for creating a cajong within the new section of the 

well borehole. 
10 nQ-3Uato«mentaiycroaa^ecti^ 
firitquant^cfahardenablefl 

well borehole. 

FIG. 3a is another fragmentary cross-§ectwnal viewfflu 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the mjectioa of a 
second quantity of a hardenable fluid* sealingiaa^ 
well borehole. 

FIG. 5 is a fragmentary cross-flectiona! view illustrating the drilling out of 
20 a portion of the cured harden 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 

between adjacent tabular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is afragmimtary crossn^ctte illustration of the placement of an 



FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillaM^ 
30 FIG. 9a is another cross-sectional fllustratkm of the apparatus of FIG. 9. 
FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



4- 



FIG, 10a is a croafrsectfanal illustration of a wellbore including a pair f 
adjacent overlapping casmga. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an erpandible tubular member. 
5 FIG. 10c is a eross-eectional illustnrfdmi of the pump^ 
material into the annular region between the tubular member and the exis ting 

zoning 

FIG. lOd is a crow-sectional illustration of the pressurising of the interior 
of the tubular member below the mandreL 
10 FIG, lQe is a orosi sectional illustration of the ofrngnn of the tubular 
member crfTof the mandrel 

FIG. lOfisacrosa aoctiooal illustration of the ^ 
out the shoe and packer. 

FIG. lOg is a eras- sectional illustration of the completed tie-back liner 
16 created using an expendible tubular member. 

FIG. 1U is a fragments]? cross-aectiond 
new section of a well borehole, 

FIG. 1 lb is a fragmentary crosa-sectional view illustrating the placement of 
an embodiment of Tpftratam fm» hanging a tubular Unerwithin the tww flection 
20 of the weU borehole. 

FIG. 11c is a fragmentary croes^ctiond 
a first quantity of a hardenable Quiche sealing material into the new section of the 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 ofa wiper dart into the new section of the w*U borehole. 

FIG. lie is a fragmentary croes-eectional view iUustratingtiw injection of 
a second quantity ofa hardenable fluidic sealing material into the new section of 
the well borehole. 

FIG. lifts a fragmentary cross-sectional view Olnstrating the completion 
30 of the tubular liner. 
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Detailed Description of the IQaetrativ* Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined uaing an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an casting tubular member by eTpandfng the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimiies the reduction in the hole sire of the 
wellbore caring neeessitat^ by the add 

An apparatus and method for forming* tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and metlwdpermite a tie-back 
liner to be created by extruding a tubular member ofl^f aniandrelby preasurizmg 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tuo^ 
in the weDbore to be joined using an owlappmg joint thai ^ 
20 gas passage. The apparatus and inetbo^ 

to be supported by an existing tubular member by exp andin g the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular menmer is 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 en&odiment^tte 

permit the interiorixirtwM 

In this manner, in the event of a malfto 

may be easily removed. 

An apparatus and method fen- hanging an expandable tubular liner in a 
30 wellbore is also provided. Hie apparatus and method penmt a tubu^ 

attached to an existing section of casing. Hie apparatus and method further have 
application to the joining of tubular members in general 



Referring initially to Figs. 1-6, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. l,aweUbore 100 ia positioned in a sobterranean 
formation 105. Thawellboro 100 inchides an existing cased section 110 having a 
5 tabular casing 1 15 and an annular ooter layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a wall known manner to drOl oat material from the 
subterranean formation 105 to form a new aedion ISO. 

As illustrated in Hg. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean fonnatian is tl^ 
100. The apparafatt 200 preferably m 

tubular member 210, a shoe 215, a fewer cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fhiid passage 240,seals 245, andaaupport 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercialry available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 eadtwdnneatithec^ 

disclosed in VS. Patent No* 6,848,095, tha contents of which are incorporated 
herein by reference, modified in accordance with the ^^^p of the present 
disclosure. 

Ttie tubular member 2 10 is supportedhy the expandable mandrel 205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
exp andab le mandrel 205. The tubular member 210 may be fabricated fitnn any 
number of conventional commercialry available —ftfrrialff ^ fa examp le, 
Oilfield Country Tubular Goods (OCTQ), 18 chromium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tabular member 210 Is 
SO fabricated from OCTG in order to mimmiTO strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, far examp le, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



embodiment, the inner and outer diameters of the tubular member 2 10 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minima] t^^y^r^g effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portbn 260 of the tabular in^ 
is slotted, perforated, or other^ 

when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the kngth of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240, The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 exampte,SuperSeainflcetBhoe^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred enibodimcnt, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig available ftom Halliburton Energy Services in Dallas, TX, modified in 

20 accordance withtheteachingsof the present disclosure, morder to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overtopping}^ 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In apreferred embodiment, the shoe 215 inctadesoneormore through and 
side outlet ports in ttuidic communication with the fluid passage 240. In this 
inazmer, the shoe 215 optimally inje^ 

regionoutsidetheahoe2l5 and tubularmember210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
SO receive a dart and/or a ball seaHng member. In thin mflTmnr, the fluid passage 240 
can be optimally sealed offby introducing a plug, dart and/or ball sr aim g elements 
into the fluid passage 280. 



The lower cup seal 220 is coupled to and supported by the support member 
250. Th* tower cup **** 2gn prevents foreign materials *nfrfftingthf» interior 
region of tb^ tubular member si 0 Ad jac en t to thf mandr el 205. The 

lower cup seal 220 may comprise any number of conventional commercially 
5 available cap seals each as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modififrl in acoordance with the toarhrogs of the present disclosure. In 
a preferred embodiment, the lower cup aeaJ 220 compriaaeaSIP cup seal, available 
from Halliburton Energy 
material and contain a body of lubricant 
10 The upper cup eeal 225 iacoaplad to a^ 
250. The miper cup seal 225 preventefbr^ 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commerrialfr avaflahla cup nasi* mrh mm fAr ^■mpfc *pp 
cups or SIP cups modified in acoordance with the of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton En^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expendable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is preferabrypoaitkmedal 
the apparatus 200. 

25 The fluid passape 230 is preferably aatoete^ m th» mang mtvnmg mtvi* nf 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaDona^ninute and 0 to 9,000 
psi in order to nrinhaiie drag on the tabular member being run and to minimize 
surge pressures exerted on 

30 and lead to hole collapse. 

The fluid pasaage 236 permits fluidk materials to be nrieased from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular manber 210 
thereby minimizing surge pressuraon the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for contro Uably 
opening and dosing the fluid passage 235, In a preferred embodiment, the control 
valve is pressure activated in order to conirollabr/ Tninimige surge pressures. The 
fluidpassage 235 is preferably positioned substantial^ orthogonal to the centeriine 
10 of the apparatus 200. 

The fluid passage 235 is preferably 
flow rates and pressures ranging from about 0 to 3,000 gallonatainute and 0 to 
9 t 000 pa in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
16 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215, The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed^ 
to thereby block flirther passage of fluidic materials. In this manner , the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
ftuidicly isolated from the region exterior to the tubular member 2 10 . This permits 
25 the interior region of the tubular member 210 below the expand^le mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluidpassage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates ami pressures ranging from about 0 
30 to 3 , 000 gallons/minute and 0 to 9,00 0 psi in order to optimally fill the annular 
region between the tubular member 210 and the i«w section 130 of the wdlbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by intatrfnfmg m phig Jut* 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Theaeala 245 are farther position^ 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicty sealed. The seals 246 may comprise 
any number of conventional commercially available seals audi as, for example, 
10 lead, rubber, Teflon, or epo^y mMffUH fa accordance ***** |*p teachings af 
the present disclosure. In a preferred embodiment, the seal* 245 are molded from 
Stratalockepo^ available torn 
to optimally provide a load be 

tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seab 245 are selected to o^mialfypnivide 

a sufficient fictional force to support the «ipandedtulmlarmembeT210&Tm^ the 

existing casing 115. In a preferred embodiment, the fractional force optimally 

provided by the seals 245 ranges from about 1 9 000 to 1,000,000 Ibf in order to 

optimally support th* expanded tubular Tit fniKmr 210 
20 The support member 250 iaeoupbd ****** m*pmi*A»i*\* mandrel tmb "iy 

member 210, shoe 216, and seals 220 and 226. The support member 260 

preferably comprises an annular m 

apparatus 200 into the new section 130 of tike weHbore 100. In a preferred 
embodiment, the support member 250 farther includes one or more conventional 

25 centralizes (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubular member 210 off 
of the expandable mandrel 206 is facilitated. The lubricant 275 may comprise any 

30 number of conventional commercially available hibricants such as, for example, 
Lubripla tn, chlorine based lubricants, oil baaed lubricants or Climax 1600 Antiaeze 
(8100). In a preferred embodiment, the lubricant 276 compriaes Climax 1500 
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AntUeze (3100) available fttanClirnax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to fiatiliate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 priortoaawmblytotherem 

the mtroduction of foreign m 'This 
^ ^ pmmxhnHv of fortM m mif prial clogging the various flow passages and 

valves of the apparatus 200. 

In a preferred embodimeiit 
10 «wr section 130 of the weUbore 100, a couple of weflbora volumes are 

circulated in order to ensine that no foreign materials are located within the 
weUbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no fc^ndgnmaterialinteifiw 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 isthen clnyri und ahardenable 

fluidic sealing material 305 is then pumped fkom a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 3 10 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region S10 into the fluid passage 
20 240. The material 305 theneaitathe apparatus 200 and fffis the annular region 
816 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 
26 pressures and flow rates ranging, Cor exanu^e, from aiboutO to 6000 pm and 0 to 
1,500 gallona/min, reapectifely. The optanumflow rate and operating pressures 
vary as a function of the casing and weUbore sizes, weUbore section length, 
available puir^mig equipment, and fluid properties of the fluidic material being 
pumped The optimum fkwrate and operatic 
30 using conventional empirical methods. 

The har denable fluidic sealing material 305 may comprise any number of 
conventional commercially available hard enable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a prefer red embodiment, the 
hardenahle fhridic sealing material 305 comprises a blended cement prepared 
specifies fly for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support far ta 
5 while aim mamt/Hnfag optimum flflwcharaf^erktiga ho m to minimize rfiffimTtieff 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods 

The annular region 316 preferably is filled with the material 305 in 

10 sufficient quantities to ensure thai, upon radial expansion of the 

210, the annular region 315 of the new section 130 oftte weHbore 100 will be filled 
with material 805. 

In a particularly preferred embodiment, as illustrated in Fig, 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 

16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the we^ Furthermore, in 

this manner, the initiation of the radial gflpmsftffl of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 316 has been adequately 

20 filled with material 306| a ptog 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a non-hardenable fhridic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of tte expended tubular member 2 10 will 

25 imt contain «gmff fffrt ar^fflnt* fflirttri material 305, This reduces and simplifies 
the cost ofthe entire process. Alternatively, the material 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressuri2ed, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusio n 

30 process, the expandable mandrel 205 may be raiaed out ofthe expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the tame rate as the tubular 
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member 210 is expanded in order to keep the tabular member 210 stationary 
relative to the new wellborn section 130. In an alternative preferred embodiment, 

tfaeextruflonpn>cessiseonmienoedm& 

the bottom of the new wellbore section 130, keeping the mandrel 205 Stationary, 
5 and allowing the tubular member 2 10 to extrude off of the mandrel 20 5 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 406 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidi^ 
10 f" lj "g w " f * rl « 1 M« fr°" the non hardanahle flnidfc material 306. 

The plug 405 may comprise any number of conventional commercially 
available devicesfrompluggmgafluM 

Cementer (MSG) latch-down phig, Omega bitch-down plug or three-wiper latch- 
down pliigmalified to accordance with th^ ^ 
15 a preferred einbodiment, the plug 405 co^ 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid pafiBage240,anonhard^nable 
fl,udfcinab3rial306iBprefer^^ 
and ftow rates ranging, for example, fr^ 
20 to 4,000 gallonatoin. In this manner, the amount of hardenable fhiidic sealing 
material within the interior 310 of the tubular member 210 is mtolmiwd . Ins 
preferred embodiment, afters 
the ncm hardenable malarial 306 ispreferabh' 
at pressures and flow rates ranging from appror^ 
25 3,000 gallons/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to muunnte 
tensile, buret, and friction effects upon the tubular member 210 during the 
expansion process. These effects wfll be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
tni f t*.~f *f «~ tubular member 210. the type of lubricant, and the yield strength 
oftbetubularmen>ber210. In general, the thicker the well thkkneaB,thetinaller 
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the inner diameter, and the greater the yield strength f the tubular member 210, 
then the greater the operating pressures^ 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of theexpandable mandrel wfflbegfo 
310 reaches, for example, approximately 600 to 9 ,000 peL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, duringthe extrusion 
10 prooeaa, the expandable mandrel 205 is raised out of the expanded portkm of the 
tubular maoiber 210 at rates ranging* from, about 0 to 2 ft/iec in order to minimize 
the time required far the PTpmwion process while also permitting cay control of 
the expansion process 

Whan the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 ofthe casing 116 to form an fluid tight overlapping joint The contact 
pressure of the orerfapping joint *n*y rmgn i fnr example, fr*™ •ppmyfffTtnf^^y 50 
to 20,000 pal In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approximate^ 400 to 10 p 000 psi in order to provide optimum 
pressure to activate the ■ti™!** sealing members 246 and optimally provide 
r esistance to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 ofthe existing casing 1 16 and 
the section 265 ofthe expanded tubular member 2 10 preferably provides a gaseous 
25 and fluidic seal In a pertinilArty pnnfarrwi -mh^Hfnru^t, tlm ftf fllmgmcmbgrc 245 
optimal^ provide a fluidic and gaseous aed in the overlapping joir^ 

In a preferred embodiment, the "r^^gj^wmyt trnd f\mr rate ofthe mm 
har dcnahla fluidic materi al 306 is controDably ramped down when th e expand abl e 
mandrel 205 re aches the end portion 260 of the tubular member 210. In this 
SO manner, the sudden release of pressure caused by the compiete extrusion ofthe 
tubular member 210 off of the expandable mandrd 205 can be minimized. Ina 
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preferred embodiment, the operating pressure is reduced in « substantial^ linear 
fashion from 100% to about 10% during the end of the extrusion process b^^ 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

6 Atternatr*efy,ormcoraib^ 
member 2 50 in order to absorb the abode caused by the wAlen release of ppessure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removedfrom the wellbore 100. In a preferred embodiment, either 
the removal of the expendable ma^ 
16 ovCTlapping joint betv^ 

the lower portion 270 of the casing 116 is tested using conventional me^^ 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the tower port^ 
thenaxrynncmed portion of tte 
20 2 10 is then removed in a conventional maimer such as, for example, circulating the 
uncured material out of the interior of the expanded tabular member 210. The 
mandrel 205 is then pulled out of^ 130 and a drill bit or mill is 

used in combination with a conventional drilling assembly 606 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 316 is then allowed to cure. 
As illustrated m Fig 5, preferA 
the interior of the expanded tubular member 210 is then removed in a 
conventional rymnigr using a conventional drill string 505. The resulting new 
section of casing 610 includes the expended tubular member 210 and an outer 
30 annular layCTSlSofcw^ The bottom portion of the apparatus 200 

comprising the shoe 216 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 406 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief hole* 610. In this maimer, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the waling members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the seating 
10 xnenibeno^arebotidedormolde^ 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of tie tubular member 210. The pressure relief 
holes reduce the operatmg pressures re^ 260 of 

the tubular member 210. This rodnctkmm required o^ 
15 reduces the velocity of die mandrel 205 upon the completion of the extrusion 
process. Thi« reduction i« ™w?Hy fa firm mmimises the ^^^ 1 to th? 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a weUbore preferably indudea an 
20 expandable mandrel or pig 70S, an expandable or pig ^tfttm i fr 71 0, e 

tubular member 715, a fl o at sh oe 720, a lower cup se al m, an upper <nip seal 
a fluid passage 735, a fluid passage 740, a support meinber 745, a body of lubrk^t 
750, an overshot connection 756, "fttiw support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. T^e expandabfe mandrel 706 is further coupled to the expandable 
mandr el container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. Hie expandable mandrel 705 may 
comprise any number of conventional commercially av ailable ex pan dab le m andrel s 

30 modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in U A Pat No. 5^48,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel c ont ain er 710 may be 
constructed from any number of conventional commercially available materi a ls 
guch bb. fw ^Tnp U» i fHTfjpIri Ornmtry Tubular Goods, stainless steel titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 
10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wan 
t hickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weEbore. 
In a preferred embodiment, once the expansion process begins, and the 
15 thicker, tower strength material of the tubular member 716 is expanded, the 
outside diame ter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to figs. 1-6. The tubular member 716 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 
25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular crosfl-section. 

The tubular member 715 preferably includes an upper section 805, an 
mtermediate section 810, and a lower section 815. The upper section 805 of the 
30 tubular member 715 prefer 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region bf^mimgmto vicinity of the top f the mandrel 
container 710 and ending with the region to the vidnity of the mandrel 70S> The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the Tidnifr of the mandrel 70S and ending at the bottom 825 of the 
S tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 605 of 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
ffetifiate the initiation of the extrusion 
10 700 to be pos it i on ed in locations in the wellborc haring tight dearances^ 

The outer diameter and wall thickness of the upper section 805 of the 
tabular member 7 15 may range, for trample, from about LOS to 43 inches and US 
to 2 inches, respectively. In a pr e f erred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

Hie outer diameter and tfiM»fcw«*m«fihw*Tita^^pjy m»rtion ftl 0 of thi» 
tubular member 716 may range, for example, from about 2£ to 50 inches and 1/16 
to 1 J mrhftfl, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of tha intermediate section 8 10 of the tubular member 715 range 
20 from about 3~5 to 19 inches and l/B to L25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2^ to 50 inches and 1/16 
to 1-25 inches, respectively* In a prefer r e d embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 8.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section 815 of the tabular 
member 715 is farther increased to mcreaae the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises > solid tubular member. In 
SO a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or alow down the mandrel 705 when it 
completes the extrusion of tubular member 715, In a preferred embodiment, the 
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length of the tubular member 715 is limited to minimize the possibility ofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 7 15 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 

5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 83 0 is adapted to receive a latch-down dart, or other similar 
elements, far blocking the inlet passage 830. The interior of the shoe 720 

10 preferably indudes a body of solid material 840 fOTincreeaing the atrangthofthe 
shoe 720. In a particularly preferred 
comprises aluminum 

The shoe 720 may comprise any number of conventional commercially 
available shoes audi as, far example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve fbr a latch down plug modified in accordance with the 
teachinga of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a spiling sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accor dance with the teachinga of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubularmember 716 aiai an existing^ 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 
The lower cup aeal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705, The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals audi as, far example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
harrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. Theupper cop seal 730 prevents foreign materials from cntoing the interior 
region of the tubular member 715, The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for ** fflm plft , TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teach mgn of the present disclosure. Tn a pw*fei^i embodiment, tVmppfrnip seal 
730 compriaee a SIP cup available from HaJHburtm Energy Serrice^ 
in order to optimally provide a debris barrier and contain a bodty of lubricant 
The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior refine of the tuhnUr mumhar 71 R h»hrm th» j^fi^KU ffiflTlflrrl 
705. The fluid passage 735 iaflixidfclycou^ Thaftuid 
passage 735 is preferably coupled to and positioned within the support member 
760, the support member 746, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
16 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned alonga centerline of the apparatus 700. The fluid passage 
73 5 is preferably selected to transport materials such as cement, drilling mud or 
epoades at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 pei in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 ftflr«f th» expandable ™»Mry| 7qs 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weDbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 7^ 
la a preferred emb odiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 200. The 
pressure release passage is furtherfl^ The 
pressure release passage preferably includes a control valve for controQably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to controQably minimise surge pressures. The 
30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey mat e ri al a such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion toto a nw section 
of a weUbore and to minimize surge pressures cm the new wellbore section. 

The fluid passage 740 permits fluidk material* to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk co mmu nication 
with the interior region of the tubular member 715 below the erpandabte mandrel 
706. The fluid passage 740 preferably has a (Mss-aectional shape thai pennits a 
phig, or other similar device, tote 

10 to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 betow the eapa n dah l* mandrel 706 can be 
optimal^ fluidk^ isolate 

This permits the interior region of the tubular member 715 bekw 
mandrel 206 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

centerHne of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging fcom about 0 to 3,000 gaDoiisMnute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a weffl>ow with fliiidk In a preferred em bodi ment , the fluid 

passage 740 includes an inlet passage 830 having a geometry that can rectrve a 
dart and/or a ball sealing member. In thiamanner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 

passage 230. 

25 Inapceferred embodiment 

seals 846 coupled to and supported by the end fwrtion 820 of the tubular me^^ 
715. The seals 845 are farther positioned on an onter surface the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

80 tubular member 715 to be fluidicfr sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoiy seals modified in a c cor dan c e with the teachings of the 
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present disclosure. In * preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
6 existing casing with optimal load bearing capacity to support the tubular memb^^ 
715. 

In a preferred embodiment, the seals 846 are selected to provide a sufficient 
frictional force to support the expanded tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 

10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally rapport the 
expanded tubular member 716. 

The support member 746 ia preferably coupled to the eipandahle mandrel 
705 and the overshot connection 765. The support member 746 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700 into a new section of a wellborn Tba support member 746 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the tftarhingB of the present disclosure. In a preferred 
embodiment, the support member 746 comprises convent 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 760 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 716. i« +hia twmiht the extrusion of the tp ft * 1 !**' ™»mH»r 7 1 s 
off of the expandable mandrel 705 in facilitated The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisiese (3100). In a preferred embodiment, the lubricant 760 comprises 
Climax 1500 Antisiese (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to farilinte the extrusion 

30 process. 

The overshot connection 765 is coupled to the support inember 745 and the 
support member 760. The overshot connection 755 preferably permits the support 



member 745 to be removably coupled to the support member 760. Theoveribot 
connection 766 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
S preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, IX. 

The support member 760 is preferabh/ coupled to the overahot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferabh/ ctnnpriaessn annular r^ 

apparatus 700 into a new section of a weHbote. The support number 760 may 
comprise any rnimber of conventional conunercially available support members 
such as. tor example, steel drfflprpe, coiled tubtog«o 
mod^fiedmaoccidancewiththetes^ In a preferred 

15 emb<><iiinent,thesuppcrt 

from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiiixer 765 also preferabh' stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
toteriordianwter of the tubular member 
bucklingrftbe tubular member 715. The stabilizer 765 may cmnpru* 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, pacxer shoes or (h^blocksn^ 
25 oftbepreaentdisdoiure. Inapreierredembodinaent,^ 

a r..Hn C adapter upper guide available from Halliburton Energy Services in 
Dallas, TK. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned i>rior to iisse^ 
30 700. fa th^ »™ intrxxiuction of foreign material into the apparatus 700 

is nonnniized. This niinimizes the poesibaity of foreign material clogging the 
varioufl flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new aecti n of a weDbore, a couple of weDbore volumes axe circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the waUbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the espar^ 

In a preferred embodiment, the apparatus 700 is operated siibsto 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellborn 

10 As iflnatrated in Fig, ft, in *n m\t*mni \ wm j . . u fa i rml mmh^] mm f fbg method 

and apparatus described herein la used to repeir an existing waDbore 
by forming a tubular liner 810 inside of the existing weHbore casing 605. In a 
preferred grnh nHfrnun^ an outer annular Hiring of cement not r—Hdtd in the 
repaired section. In the alternative p re fer r ed emb od iment, any number of fluidic 

15 m aterials can be used to expand the tubular Knar 810 into intimate contact with 
the damaged section of the weUbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative pr e fer re d embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal In an alternative preferred embodiment, the 
20 tubular liner 810 is formed within a horiaontafly positioned pipeline section, audi 
as those used to transport hydr oc ar bons 

In an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used todra Ina 
preferred embodiment, an outer annular Imingofceme^ 
the tubular liner 810 and the wellbore. In the alternative preferred embodimen t, 
any number of fluidic materials can be used to expand the tubular liner 810 into 

SO intimate contact with the to 
or drilling mud. 
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Referring now to Figs. 9, 9m, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expendible tubular 
member 902, a support member 904, an expaiHiiblemEniiidorpig906,andaBhoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 

5 and Bhoe 908 permits easy removal of those elemantsbydrillinftbemout. In this 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The T jvmdihlp tubular member 902 preferably includes an upper portion 
910, an intennediate portion 9 12 and a low portion 91^ During operation of the 

10 apparatus 900, the tubular membar 902 is prefarablyestnidedoffof t he mandr el 
906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion910of the es|ia wd sh l» tBbttlarmeinber902. During 

15 operation oftbe apparatus 900, the tubu 

nf tfae mandc el «« hy pwasurfeing the interior region 966 of the tubular member 
902. Thetubiilarmeinber915preferablyhM 

In a preferred embodiment, the wall thickness of the tubular member 916 is 
greater than the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, ©afield 
tubulars, low alky steels, titanium or stainless steels, mepreferredenmodunent, 
the tubular member 915 is fabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 Inapartkmlarlypref erred « 

point ranging from about 40,000 to 135,000 psi m order to optimally provide 
approxiinately the same yield p Tbetubular 
member 915 may comprise apluralny of tdbulm inemban coupled en^ 

In a preferred embodiment, the upper end portion cf the tuliular member 

80 9i5mchm^oneormoresealmgra 

gaseous seal with an existing section of wellbore casing. 



In & pr e f erre d embodiment, the combined length of the tubular members 
902 and 915 are limits to minimis the possibility ofbuckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials audi as, for e x am p le , oilfield 
tuhulars, low alloy steals, titanium or stainless stoala. In a preferred embodiment, 
the tubular member 902 is fabrics t«i from oilfield tobulars in order to optimally 
provide appn a maatal y t he samemachankal properties as the tubular member 915, 
In a particularly preferred embodiment, the tubular member 902 has aplasticyield 
15 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 ofthe tubular meinber 902 may range, for example, from about 1A6 to 1.5 
inches In a preferred amtodhnent, the wall thickness of the upper, intermediate, 
20 and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
1/8 to L25 in order to opfenafy provide waHth^ 

the tubular member 915, In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole* 

The outer diameter of the upper, hrtennediate, and lower portions, 9 10, 912 
and 914 of the tubular member 902 may rarige,forexample ? nTjm about 1.05 to 48 
inches. In a preferred embodiment, the outer diam 

and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulan. 
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The length of the tabular member 902 is preferably limited to between 

about 2 to 6 feet in order to optimally provide enough length to contain the 

mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 cornTTi fr^»ny » v»fl«h k» tubular members modified in accordance with the teachings 

of the preaent disclosure. In a preferred embodiment, the tubular member 902 

compxiaea Oihleld CJountiy Tubular Go^ 

The tubular member 915 msy comprise any number of convent 

available tubular members modified in accordance with the teachings of the 
10 present disclosure Tn»pr«rf«rr«d embodiment, thetribnlarmwnbeTOlScomtirises 

Oilfield Country Tubular Goods available from varkrasUB. steel nulls. 

The various elements of the tubular member 902 may ne coupled uatog any 

number of conventional process such as, for example, threaded con n ecti o n s. 

welding or inachined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 

member 902 niay cominiae apluzah^ 

end The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
membergiSnurycompriaeaph^ 

end. The tubular members 902 and 916 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 

machined from one piece. 
25 The support member 904 preferably inching 

a fluid passage 918, an upper guide 920. and a coupling 922. Durhur operation of 
the spparstusOOT, the suppcrt member 9()4 

during movement of the apparatua 900 withm a wellbore, Tne support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional conunercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 

to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and lapported fay a 

conventional drill string support from a surface location. The ninerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 u preferably uaedtoconveyflu 

to and from the apparatus 900. In a preferred embodiment, the fluid paasage 916 

is fhiidicxy coupled tote In a preferred embodiment, the fluid 

10 passage 918 ia used to convey hardenahfe 

apparatus 900. Iaaparttcnlarfr pieferred ern hodhneat» the fluid paasage 918 may 

include ooe or more pressure relief passages (not illustrated) to release fluid 

pressure during positioning of the apparatus 900 within a wellborn In a preferred 

embodiment, the fluid passage 918 is positioned along a kmgitudinal centerline of 
15 the apparatus 900. In a prefer red embodiment, the fluid passage 918 is selected 

to permit the c onv e yan ce of hardenable fluidic materials at operating pressures 

ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 

904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 916. Tto 

of conventional guide members modified in accordance with the teachings of the 

present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

irmerstringsdapter available fro^ 

to optimally guide the apparatus 900 within the tubular member 916. 
26 The coupling 922 ccmptes the support member 904 to the mandrel 906. The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support membtt904 maybe coupled ushigany 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded connections 
The mandrel 906 preferably includes a retainer 924, a nihbe^ 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension alewvn 936, a spacer 938, a houiring 940, a sealing sloevc 9-42, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator akerc 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, fabricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
fabricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 s coupled to the retainer924, the fabricator mandrel 
946, and the fabricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign uwteriabvmto the interior re 

rubber cup 926. The rubber cup 928 may comprise any number of conventional 

commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 

comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 

order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 

provid^mtha interior regton 972 of 
20 the interface between the exterior gurface of the mandrel 902 and the interior 

Burfece of the tabular members 902 and 916. The lubricant may comprise any 

number of conventional commercially available lubricants such as, for example, 

Lubriplate, chlorine baaedl^ 

(3100). In apreferred einbodiment, the lubricant comprises Climax 1500 Antiaeize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide fabrication to facuiate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, thebody 
of cement 932, thelower guide 984, to extenskm sleeve 986, the bousi^ 
the upper ^retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower coneretatoer9S0,bousmg940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
028 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The farpragjon eane 92ft prefawthly ha* * mhgtimtiAny anntiW mwgp^gp 
5 The outside diameter of the expansion cone 926 is preferably tapered to provide 
a cone shape. The wall thirknm of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inrhee. In a preferred embodiment, the wall 
thickness oftiieexpanironeone 928 ran^ from about 0^ to 0J5m<±es in order 
tooptdrnaUypnmdeadeqnatec^ The 
10 inarimnmandndnim^ 

for example, from about 1 to47 inches. In a pi e fer red embodiment, th» TrmT^mnTn 
and mmimnm outside diameters of the erpansian cone 928 range from about 3.5 
tn 1 9 itt ni^mr to nptnTialfy jTTYnriHi^ rrpnr\mism of genereDy^vaflflh^oim^ filb«i W 

llie expansion cone 928 may be fabricated from any number of conventional 

15 commercially available m^ 

or low alloy steeL In * preferred «mhnHiTn«n^ the expansion cone P?ff to fabricated 
from tool steel in order to optimally provide high strength and abrasion reaistance. 
The surface hardness of the outer surface of the expejinion cone 928 may range, for 
example, from about 60 Rockwell C to 70 Rockwell C. In a prefer red embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwall C to 62 Rockwell C in order to optimally provide high yield 
strength, in » p™? fa ri »«i embodiment fK » expansion cone °° Q is hfnt trpgttri to 
optimally provide a hard outer surftce and a reaflient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 Tha lower cone retainer 930 is coupled to the expansion cone 928 and the 

bousing 940, In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has * subst antially annular croaa section 

The lower cone retainer 930 may be frfrrlffittd from any number of 

30 conventional coinmerciaBy wfl*M» materials ^ far g^ypl^ fwr ^^ tnni 
steel, titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength andmbraskm resistance- The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 60 Rockwell C to 70 
Rockwell C. In apreferred embodiment 

of the tower cone retainer 930 ranges from about 58 BockweU C to 62 Rockwell C 
5 m order to Optimally provte InaprefenedembcKiiment, the 

lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior boo^ 
fracture toughness* 

fonpCTfenri -^^Mmm*^ «^l«»»««ieTB*miigr93Q and the expansion 

10 cone 928 txe formed ttmiategr^ 

of componenta and Increase the overall strength of the apparatus. The outer 

surface of the lower cone retainer 93^ 

the tubular members 902 and 915. 

Tht body of cement 932 is positioned within the interior of ^ 
15 The bc4y of cement 932 pnr^ 

The boiy of cement 932 further m 

device. In this manner, the mandrel 906 may be easily removed using a 
conventional dr»nitig device. 

The body of cement 932 nay comprise any number of conventional 
20 commercially available cement compounds. Alternatively, a luminum , cart iron or 
some other drillable metallic, composite, or aggregate material may be tubstttuted 
for cement. The body of cement 932 preferably has a substantially annular croaa- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and bnuaing 940. 
25 Duringoperationoftbeapparat^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross section 

The lower guide 934 may be fabricated ftTmi airy number of conventional 
commer cially available matertala such as, for example, oilfield tubulara, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated fomkrw alky steel m order to ^ 



The outer surface of the lower guide 984 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to the lower guide 934 and the housing 
940. During operation of the apperatua 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferabfr has a substantially nnnnlnr cross-sectioru 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alley steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is fabricated fhm low aU 

Mghyield strength; The outer surface of the extension sleeve 836 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 962 into the fluid passage 962. 
20 Prwfawthfr, the oft* « fnK^tiMany annular crosa-aection 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron, In a pref err e d embodiment, the spacer 938 is fabricate d from aluminum in 
order to optimal*? provide drillability. The end of the spacer 938 preferably mates 
26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the eeahngileeve 942 are form ad an uti tntftgrftl nnft-ptw i>lpmpnt TP orri^r 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension ikeve 936, 
expansion cone 928, body of cement 982, and tower cone retainer 930. During 
30 operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials euch as, for example, oilfield tubulaxs, Low alloy 
steel or stainless steel. Ina preferred embodiment, the housing 940 is fabricated 
from low alloy steel In order to optimally provide high yield strength. In a 

5 prcfrrrH «™v~««™™+ «~ W*r tmide 934. extension sleeve 936 and housing MO 
are formed as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particular^ preferred embodiment, the interior surface of the housing 
940 mcmdes ana or more protrusions to facffiate the connection between the 

10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the rapport member 904, the body of 
cement 982, the spacer 938,end (Supper cone retail During operation of 
the apparatus, the aeahr* sleeve 942 prefe 
906. Tbesealmg sleeve 942 is preferably coupled totte 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantial* annular 



Th s ff»a«"g «»«*~* 9*2 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 u fabricated from 
20 alumiiumm order to opthnal^ 

In a particularly preferred einbodiment, the outer surface of the sealing 
sleeve 942 indudes one Minoreprotiua^ 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 988 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to rntaimiie the 

number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing Bleeve 942, and the body of cement 932. During operation of the apparatus 
9(X),theupper cone retainer 944 preferably pr^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials audi as, for example, steel, 
aluminum or cast iron. In a pr e fe rred embodiment, the upper cone retainer 944 
ib fabricated from ahimmiTm in order to optimally provide drillability of the upper 
6 cone retainer 944. 

In a par tir nlari y preferred embodiment; the upper cone retainer 944 has a 
crocc soctionnl shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially Lahaped to provide increased rigidity and minimise the 
10 amo^ of material that woo 

The lubricator mandrel 946 Is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 960 . 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 far lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably , the 
fabricator mandrel 946 has a substantially annular cross section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ahanhmm or cast iron. In a pi efeu e d embodiment, the lubricator mandrel 946 is 
20 fabricated from ahnninmn in order to optimally provide drillability of the 
lubricator mandrel 946, 

The hibricator aleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 928, the upper cone retainer 944, the hibri<^r sleeve 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
26 sleeve 948 preferably supports the ratter cup 926. Preferably, the lubricator 
sleeve <u« ham • substantially rniirnlnr rrnim BerHnn 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide d rillabi lity of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
fabricator mandrel 946. The hibrfcatar sleeve 948in turn aupports the rubber cup 
926. The retainer 924 couples the nibbeTcup926tothehibricatorBleeve948. In 
& prefrrrH gmhft/KwMmt, 949a and 949b are provided between the lubricator 
5 mandrel 946, hibrimta 

off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946 t the retainer 924, 
and the hibricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the supiK>rt member 904. Preferably, the 
10 guide 950 has emibatantiElr^ 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred eixrtodiment, the guide 950 is fabricated from aluminum 
order to optimally prov^ 
15 The fluid passage 952 is coupled to the mandrel906. During operation of 
the apparatus, the fluid passage 962 preferably conveys haxdenable fluidic 
materials. In a preferred embodiment, the fhiid passage 952 is positioned alx^ 
the centerlme of the apparatus 900. ]ji a partkrulaxly preferred 
fluid paflflago 952 i* ada p ted convey hardanabte fluidic m a teri a ls at pressures 
20 and fkm rate ranglnglromabOTt0to9,0(W 
tooptimaUyprtrvulapreasu^ 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be 
of conventional process such as, for example, threaded connections, welded 
25 connectionsorcemen^ 

mandrel 906 are coupled using threaded connections and 

The shoe 908 preferably includes a housing 95 4 , a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

SO The housing 954 is coupled to the bc^ofc*ment956andthelov^ 

914 of the tubular member 902. During operation of the apparatus 900, the 
housmg954preferabry couples the low 
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" shoe 908 to facilitate the extrusion and portioning of the tabular member 902. 
Preferably, the homing 954 has a subetantially annular cross-eection. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials each as, for rrampli*, steel or aluminum In a 
5 p refer red embodiment, the housing 954 is MmmtpA from aluminum in order to 
optimally provide driflabih^ofthe housing 954. 

In a particularly preferred embodiment, the fateriorsnrfre 
954mdudeaoneormoreprotniaia^ 
of cement 956 and the housing 954. 
10 The body of ceme nt 966iscocnledtotfaehonsiiy 

958. In a preferred embodiment, the cotnpoeh^of the bod> of cement 956 is 
selected to permit the body of cement to be easily drffled out using conventional 
Hi*niing T¥inoV<fnog anA processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material audi as, for example, a lum i num or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the bo^y of cement 956 , the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably u adapted to convey a 
hardenahlfr fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 inordarto inject the haidenahle fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 

25 includes an iiilet geometry fhrt 

lodged in the inlet of the aealing sleeve 96a In this manner, the fluid passage 962 
may be blocked thereby fhiidicjy isolating the interior region 966 of the tubular 
member 902. 

In a preferred embodiment, the aealing aleeve 958 has a substantially 
30 annular croes-aectian. The aealing sleeve 958 mqy be ito^ 

of conventional commercially available such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability f the sealing 
sleeve 958. 

The extension tube 960 ia coupled to the sealing sleeve 958, the fluid 
passage 962, end one or more outlet jets 964. Daring operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidk 
materia] from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operatian of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
mlrt of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidich/ujolatmgti^ hs - 
aprtrfmrri irmV?*'"'«"*, "™ of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 

IS two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 nu^ be fabricated fro 
of conventional ccminerciauy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred emb odi me nt, the extension tube 960 is 
20 fabricated from ahnninum in order to optimally provide driBabihty of the 

extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 ia preferably conveys hardenable fhiidic materials. In a 

26 preferred embodiment, the fluid passage 962 ia positioned about the centerline of 
the apparatus 900. In a particnlarr/ preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidk materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 galtoiiB/intom order to optimaJb/ 
provide fluids at operationally efficient rates. 

30 The OTttetjets 964 ara coupled to the sealing b 

960, and the fluid passage 962. Durmg operation of the api»^^ 
jets 9W preferably convey hardenabte fluidfc 
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to the region exterior of the apparatus 900. Tn * prefe rre d embodiment, 
908 includes a plurality of outlet jets 964 . 

In a preferred embodiment, the outlet jete 964 comprise passages drilled m 
the housing 954 and the body of cement 966 in order to smipUfy the construction 
5 of the apparatus 900, 

Ths various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment* the various 
elements of the shoe 908 are coupled using cement 
10 In a p r efe rred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1^ to create a new section of casing in a 
weHbore or to repair a wellbore casing or pipeline. 

In particular, in order to e xtend a weDbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 far forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
pr e f erred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a eurfitee Iocatitjn into the fluid passage 918. The 
hardenable flukfic sealing material than passes from the fhiidpessage918mto the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 
26 apparatus 900 via the outlet jets 964 and fiUs an annular region between the 
exterior of the tubular member 902 and the interior wafloftbe new section of the 
wellbore. Continued pumping of the hardenable fluidic seelingmaterial causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 pgj and 0 to 1,600 gallon fifmm, respectively. In a preferred embodiment, the 
hardenable fluidic ^^gtif aterial is ptimpfd into tht annular region at pressures 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenahle fluids sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 tpetigcdr/ for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimalry provide support ^ 
member while also optimal flow characteristics so as to minimize 

operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 
15 using conventional empirical methods. 

The annular regkm preferably is filled with the hsrdenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the anmilar region of the new section 
filled with hardenable material. 
20 Pnr» ty ?iym\*r rftgtnn h*n been adequately filled with hardenable fluidic 

sealing material, a pfaig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhudicry isolating the interior region 
966 of the tubular member 902 frm In a preferred 

embodiment, a non hardenable fluidic material is then pumped into the interior 
25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the prug or d^974 f or other similar device 
mtxoduced into tha fluid pas 

similar device into the non hardenable fluidic material In this manner, the 
amount of cured material within the mterior of the tubular members 902 and 915 
30 is minimised. 

Once the interior region 966 becomes sufficiently pressurised, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandrel 906 
is raised oat of the e xp anded portions of the tubular inemb^ 902 and 915 using 
the support member 904. During this extrosioc process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 91B at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commerrialry available devices fcr plugging a fluid passage such as, 
for example, Multiple Stage Cements- (MS© latch-down ping. Omega latch-down 

10 ph»g nr thTBft-wrpwr ***** drfin pfag modified «««mi*m* mHh the ^ 

the present disclosure. In a preferred rnnhoHimrnt, the pfagordMrtP74rrmipriftfft 

a MSG latch-down plug available from Halliburton Energy 

After placement of the plug or dart 974 in the fluid passage 962, the non 

hardenahle fluidic material is preferably pumped into the interior region 96S at 
15 pressures and flow rates ranging from approximate?/ 600 to 9,000 psi and 40 to 

3,000 gaflcms/min in order to optimally extrude the tubular members 902 and 915 

off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 

members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximately 600 to 9, 000 pel In a preferred 

embodiment, the extrusion of the tufaularmeinbers 902 and 9 15 offofthe mandrel 

906 begins when the p re aaui e of the interior region 966 reaches approximately 

1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallona/mimite. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 916 at rates ranging; for 

example, from about 0 to 6 ft/sec. In a preferred ente>dim 

process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed feat enough to permit efficient operation and 
SO permit full expansion of the tubular meznberB 902 and 915 prior to curirjg of ^ 
hardenahle fluidic sealing material; but not so fast that timer/ adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded oft of 
tfrq jnnnrir H QQfl th£ onto- surface of the upper end portion of the tubular member 
915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlappingjointmayrange,forex 

a p refr if it tl embodiment, rmt»r± pramire of the overiappingjomt between the 
upper end of the tubular member 915 and the existing eectkra of wellbore casing 
ranges from apprcomat^ 

pressure to activate the sealing mend>era and provide optimal resistance 
10 the tubular member 915 and existi^ 
compressive l oads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
h ar denable flnidic material will be controllably ramped down when the mandrel 
906 reacheetheupper end portion of the tubular member 915. In t his manner , the 
15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be mtnimifyd In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but ab out the last 5 feet of the 

20 extrusion process. 

In an ahgrnaUvepxeien^ embodiment, the opers±ingpressure and/or flow 
rate of the hardenable fhndk sealing material and/or the non hardenable fhridk 
material are controlled during aU phases of the operation of the anpara^ 
minimise shock. 
25 Alternatrvety f orinam^ 

member904inordertoabBarbtheihocica^ 

Altetnatr^, or in coinbinatio^ 
above the support member 904 in order to catch or at least *^e^ 

906. 

30 Once the extrusion process is completed, the mano^ 906 is 

the wellborn In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidfc seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of th existing 
raffing is tested urfng conventional methods. If the fluidic seal of the overlapping 
joint between the tipper portion of the tubular member 916 and the lower portion 
of the existing casing is satismctory, then the unenred portion of any of the 
5 hardenable flnidic seating material within the expanded tubular member 915 is 
then removed in a c unvwiUonal manner. The hfirdanahle flnidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new eectkmof wellbc«i«theiialbwed tocure. 

Praferahfr eny rmjimtng mroH haidepaMefhiMicaealingmatexial wfthi* 

10 the interior of the expanded tabular membra 902 airi 

conTentional mamwr using a conventional drill string. The resulting new section 
of casing pref erabty includes the expanded tabular members 902 and 9 15 and an 
outer annular layer of cured hardenable flnidic sealing ™«Hrifl1 The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional drilling methods, 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 tern the mteriorofthewellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 

20 the remaining sections. In a preferred embodiment the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
alttnrinum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing 

the lubricator mandrel 946, the lubricator sleeve 948, the guide 960, the homing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to he drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore, 
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Referring now to Figs. 10a, 10b, 10c, lOd, 10e, lOf, and lOga method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 include* a flrat casing 1004 and a second casing 1006. 

6 The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annurns 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annohis 1014. In a preferred embodiment, the second casing 1006 
is farmed by expanding a tubular member substantially as described above with 
reference to Kgs. l-9c or below with reference to Figs. Ua-llf. 

10 In a particularly preferred embodiment, an upper portion of the tubular 
b^ 1012 ovarlapawithakiwer portion of the tubular In a particularly 

preferred embodiment, an outer surface of the uwwiwrtion of tlie tubular Uner 
1012 includes one or more sealing members 1016 for providing e fluid* seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in Older to create a tie*acklmer that extends from 
the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

Tbeexpandabk mandrel or pig 1105 » 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 T^T^in*fftnrrimi»withtbeteacbi^ Inaprefarred 
embodiment, the expandable mandrel 1105 compriaeaabydrauJk expansion tool 
substantially as disclosed in VS. Pat. No. 5,348,095, the disclosure of which is 
incorpoxatedheremlyiefer^ 
present dis cl osu r e. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. Tb* tubular member 1105 is expand^ ^ 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from airy number of materials such as, for example. Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of th/s tubular member 1110 may range, for 
5 nmmplft, from approximately 0.75 to 47 inches and 1,06 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer (iiametera of the tubular 
1110 range from about 3 to 16.6 inches and 3.6 to 16 inches, respectively in order 
to optimally provide coverage for typical oilfield casing rises. The tubular member 
1110 preferably comprises a aolid member. 
10 In a prefer re d embodiment, the upper end portion of the tabular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of buckling. For typical tubular member 1110 materials, 
15 the kngthofthe tubular member 1110 is pieferabfyliinitBd to between about 40 
to 20,000 feet in length. 

The shoe 1 1 IS is coupled to the expandable mandrel HQS and the tubular 
member 1110. The shoe 1116 includes the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Seal II fl oa t shoe, Soper SeainDown^et float shoe oraguide shoe 
with a sealing sleeve far a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe withasealing sleeve foralatch-down 
plug with side ports radiating off of the exit flow port available frr>m Halliburton 
25 Energy Services mDaJla^ 

present disclosure, in order to optimally guide the tabular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fluididy 
isolate the interior of the tubular member 1100 after the latch dcwn plug has 
seated, and optimally permit drilling out of the due 1116 after completion of the 
SO expansion and ceme nt ing operations. 

In a preferred embodiment, the shoe 1115 fo^df* one or more Bide outlet 
ports 1140 in fluidk communication with the fluid paasage 1135. In this manner, 
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the shoe HIS iqjectaharderabte 

shoe 1115 and tubular member 1110. In a prefer red embodiment, the shoe 1115 
Includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130* 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1 120 prevents foreign material* from entering the interior region of 
the tubular member 1110 a4jacent to the expandable mandrel 1105. The cup seal 

10 1 120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cwp 

accordance with the of the present disclosure. In a preferred 

embodiment, the cup seal 1120 comprises a SEP cup, available from Halliburton 
Energy Services in Dallas^ 
15 contain a body of lubricant. 

The fluid passage 1 130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally e ffi c ie nt rates. 

The fhiid passage 1135 permits fluM 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 ore coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape that pennita a plug, other 

passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permits the Interior region of the tabular member 1110 bdow 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned nlrmg the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mod or epoxies si flow rate* and pressures 

about 0 to 3,000 gsllonsAntmite and 0 to 9,000 pal in order to optimal^ fill the 
annular region between th* tubular member UM 

fluidic materials. In a preferred embodiment, the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an al t ern a tive embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region 

to be fliridicjy isolated from the extewrf the tubular niarnber 1110. 

The seals 1145 are coupled to and supports 
tubular member 1110. The seals 1145 ate further positioned on an outer surface 
of the lower end portion of the tubular mem The seals 1145 permit the 

25 overiappingjoint between the upper endportionoftbe casing 1012 and tt^ 
end portion of the tubular member 1110 to be Quidicly sealed. 

The seals 1145 may comprise any nnmber of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a prefe rre d 

30 embodiment, the seals 1145 comprise aeda moMpd from Stratalock epoxy availabte 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic fie*l in thaoverlapp^^ 

to wit hstand the range of typical tensile and com preaa ive loads. 

In a preferred embodiment, the soak 1145 are sekcted to optimally provide 
a sufficient fiiclionalforoe to support the expanded tubular member 1110 firom the 
6 tubular liner 1008. In apreferx^embodimRnt, the firictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Min tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1106, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1160 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into tha wmlbore 1000. In a preferred emb o diment , the support 
member 1160 further ind"dp« one or more conventional centraHsers (not 
illustrated) to help stabuize the tubular member 1110. 
In a preferred embodiment, a oj^^ 
16 annular region above the expandable mandrel 1106 within the interior of the 
tubular member 1110. Iv this t*™™*, th* -tttnurion of the tubular mamber 1110 
off of the expandable mandrel 1105 is feriHtated, The lubricant 1160 may 
comprise any number of conventional conimerciaDy available hmricantssuch aa r 
for example, I^ripiate,ducirine 
20 In a preferred embodhne^ 

(3100) available from C*""* Uibricanta and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process, 

Inaprefcrr^ embodiment^ 
prior to assembly to the remaking portions of the apparatus 1100. In this 
25 manner , the jntrodudionof foreign material into the apparatus UOOiamlnliniaed 
This imnimixes the poastoility of foreign material dogging the various flow 
passages and valves of the apparatus 

interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
SO packer 1166 coupled to the bottom section of tte 

the region of the welibore 1000 below the apparatus 1100. Inthiamanni^fiuidk 
materials are prevented from e 1000 betew the 
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tppftffaia 1100. The packer 1155 may comprise any number f conventional 
commercially available peckers such as, for crample, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZDriU Pa 
5 Dallas, T5L In an alternative embodiment, a high gel strength pill may be set 
below Uietie-baiiinplAcerfthepacker 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after p<»tiomng the apparatus 1100 
within the wellbore 1 100, a couple of weObore vohxmea are circulated in order to 
10 ensure that no foreign matmiils are located within the wellbore 1000 that might 
dog up the various flo w passages and valvMOftfaeappaxatu llOOandtoenanre 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As Utaatttted in Fig. 10c, a hardenable fluidk aaaling material 1160 is then 

15 pumped from a surface location into the flnid passage 1130. The material 1160 
then passes from the flnid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1U0 into the <hiU passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member UN 

tubular liner 1008. Continued pumping of the material 1160 causes tOw material 
1 160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annularregion at pressures and 
flow rates ranging, for example, from about 0 to 5,000 pa and 0 to 1,500 

25 gallona/min, i eapecti vefr. In a preferred embodiment, the roatc^ 

into the annular region at pressures and flow rates specifically designed for the 
casing six es being run, the **w»i<*^ spa ce s being filled, the p umping eq uipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenable fhiidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, XX in order to optimally provide proper support for the tubular 
member 11 10 while maintaining optimum flow characteristics so as to nrnrimiT* 
5 operational difficulties during the displacement of cement in the annular region 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expanaw 
10 annular region will be filled with material 1160. 

As illustrated inFig. 10d> once theannotoregionhaa bee n ad equ at ely filled 
with material 1160, one or more plugs 1166, or other similar device*, preferably 
■re introduced into the fluid passages 1140 thereby fluidicry iaolating the intariOT 
regjonofthe M*"' 1 * v ™*™h* r 1110 from the annular region external to the tubular 
15 member 1110- In a preferred embodim^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 caumng the interior region to pressurize. InaparticuJarry preferred 
embodiment, the one or more plugs 1165, or other similar devices, are int^^ 
into the fluid passage 1140 with the introduction of the nan hardenable fluidk 
20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimised . 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off 

1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 fay 
introducing the plugs 1165 into the fbrid passage 11M at ^ 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balla, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passage, the phigs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 pa and 40 to 3,000 galloaaAnin, 
In a preferred embodiment, after placement of the plugs 1165 in the fluid passages 
1140. the non hardenable fluidic material 1161 is preferably pumped into the 

10 interior region of the tubular mpmbm- 1110 below the mandrel 1105 at pressures 
and flow rates ranging from approximat or/ 1200 to 8500 pel and 40 to 1250 
gallona/min in order to optimally provide eitrusian of t^^tulml^ 

For typical tubular members 1110, die extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

16 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 pel In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1106 reaches approximately 1200 to 8500 psL 

20 During the extrusion process, the expandable mandrel 1 1 05 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1106 is raised out ofthe expended portion of the 
tubular member 1110 at rates ranging from abowt0to2ft/8ecmordertooptimfdly 

25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the 

In a preferred embodiment, at least aportion 1180 of the tubular mon^ 
1110 has an internal diameter less than tto outside diameter of the inandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 

30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 1012. In » partJenlsp^y j* vWruH embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1160 and 
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the wrUbare casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 end the 
cMhg 1012 ranges from about 600 to 10,000 pel in order to optimally provide 
pressure to activate the sealing members 1145 and provide optinml resistance to 
5 ensure that the j oint will withstand typical extremes of tensile and compressive 
toads. 

In an alternative preferred embodiment, substantially all of the entire 
length of flmtubuliu member 1110 haaaninteroaldiametw 
diameter of the mandrel 1105. to this inanner, extrusion of the tubular ^ 
10 1110 by the mandrel 1106 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In •preferred 
eaibodhneol, the contact pressure 

member 1110 and the casings 1008 and 1012 ranges from about 600 to 10,000 psi 
in order to optimally provide pressure to actrvate the seah^n^mbere 1145 and 
15 provideootimalreaistanreto 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is contxoUably ramped down when the expandable mandrel 1105 
reaches the upper end pcrtkm of the tubular In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimired In a 
preferred embodiment, the operating pressure of the Guidic material 1161 is 
reduced in a substantially linear fiufeion from 100% to about 10% durtogtbe end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 nppT ™"'™**^ h"t about 5 feet of the extrusion process. 
Alternate, OTtocombuiatk^ 
member 1150 in order to absorb the shock caused by the sudden release of 



Alternatively, or in combination, a mandrel catching structure is provided 
30 intheupperend portion of the tubxuar member 1110 to order to cato^ 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidk seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 ia tested 
using conventional methods. If the flu idle seal of the joint between the upper 
portion of the tubular member 1 1 10 and the upper portion of the tubular liner 
1008 is satisfactory, then the unmixed portion of the material 1 160 within the 
erpandnd tubular member lllQis then removed in a conventional manner. The 

10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is then allowed to core. 

As illustrated in Fig. 1Q£ preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resultingtie-back Hner 

15 of casing 1170 includes the expanded tubulin- mmnher 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 end packer 1156 using conventional drilling methods. 

20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for hangings tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 

25 formation 1205. The weUbore 12W 

a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1206, 
a drill string 1225 la used in a wall known mimnrr to drill out material from the 
subterranean formation 1205 to form a new section 1280. 

30 As illustrated in rHg. lib, an appentualSOO 

in a subterranean formation Is then positioned in the new section 1280 of the 
wellbore 100. The apparatus 1800 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1346, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and supported by the support 

5 member 1345. The expandable mandrel 1306 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified to 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in VS. Pat No. 5,348,095, the disclosure of which is 
incorporated hereby referent 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1806- The tabular member 
1310 may be fabricated from aiiy number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/en ning or plastic 
easing In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubiilar member 1310 may range, for 

20 -^"tK »rpr*mmsiftlv 0 .75 to 47 inches and 1 .05 to 46 inches, respectively. 
In a preferred embodiment, the bmer and outer diameter 
1310 range from about 3 to 15.5 inches and 3J> to 16 inches, reai>ectr^ 
to nptiTP^ty pwwtdf* minim*! telfsscopanff effect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 Include s an upper 

portion 1855, an intermediate portion 1360, and a low portion 1365. In a 
preferred einbodiment, the wall thklmefw and outer diameter of the upper portion 
1355 of the tubular member 13 10 range from about STB to 1 V* inches and 3 Kto 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively* In a preferred 
embodiment, the wall thickness sM outer diameter of the tower porti 1365 of 
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the tubular member 1310 range from about 8/8 to 1J inches and &6 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1880 of the tubular member 1310 iakas than or equal to 
5 wall thickness of the upper and tower aectlona, 1855 and 1365, of the tubular 
member 1310 in order to optimally fecfliatc the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
ia slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to mrriiTnim the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
16 the tubular member 1310 ia preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1810. The shoe 1315 
preferably includes fluid passages 1330 and 1335. Tt* shoe 1315 may comprise 
airy number of conventional commercially available shoes such as, for example, 
20 Super Seal II float shoe. Super Seal II Down4et float shoe or guide ihoe with a 
sealing sleeve for a latch-down plug modifMmaecordaiieewiditlieteadiin^of 
the present di s closure. In a preferred embodiment, the shoe 1815 comprises an 
aluminum down-jet guide shoe with^ 

from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
25 teachings of thepreaent disclosure, in orderto optimally guide the tabular member 
1310 into the weltbore 1^00, optnnalry fluidicry isolate the interior of the tubular 
member 1810, and optimally permit the complete drin out efthe shoe 1316 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the ahoel315 further includes one or more side 
30 outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably ixrjecta hardenabb fluidk sealing material into the region 
outside the shoe 1315 and tubular member 1310, In a preferred embodiment, the 
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shoe ISIS includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a ping, dart and/or ball sealing elements into the fluid 
passage 1380. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1306. The fluid pasaage 1320 is coupled to and positioned within the 
support member 1346 and the erpandabk mandrel 1306. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1820is preferably positioned along 
a centerlme of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epcrries at flow rates and 
pressure ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally provide sufBdent operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315- The fluid 
pessage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The Quid passage 1330 preferably has a cross- 
sectional ahape that permits a plug, or other similar device, to be placed in fluid 
passage 1380 to thereby blockfartber passage of flmdmmateriala. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 of the tobular member 1310 
bohrw rhr rrr mandrel 1MB to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerune of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rateaand pressures ranging from about 0 
30 to 3,000 gallorjsfrnbxute and 0 to 9,000 pri fa 

region between the tubular member 1310 andthenew section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed c#l^ introducing a phig t dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits flnidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in flnidic 
communication with the fluid passage 1330. The fluid passage 1S35 is preferably 
positioned substantially along the centeriine of the apparatus 1300. Hie fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
galkmsftninute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 aftheweUbcxe 1200 
with flnidic materials 

Hie seals 1340 ere coupled to and supported by the upper end portion 1366 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 13^ 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teflflhmgs of the present disclosure. In a pref erred embodiment , the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annulus of the overlapping joint while also creating optimal load bearing capability 

26 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
asuffidentfrictionalfarceto support ti» expanded tubular maniber 1310 from the 
existing casing 1215. In a preferred embodiment, the friiiional force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310* 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to cany the 
apparatus 1300 into the new section 1230 of the weUbore 1200. In a preferred 
embodiment, the rapport member 1845 further includes one or more conventional 
centralize!* (not illustrated) to help stabilize the tubular member 1310. 
5 Inapreferredeinbodiment,tb^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
M.nm.r , the mirodugtipnof foreifTTi material into theappsratus 1300 is minimized. 
This minimizes the poambffity of foreign materiel dogging the various flow 
passage* and vata»c>f the appa^ 
10 interferes with the erpim si on process. 

The wiper plug 1360 is coupled to the mandrel 1306 within the interior 
region 1870 of the tubular member 1810. The wiper plug 1350 inetades a fluid 
passage 1375 that to coupled to the fluid i>assage 1320. The wiper plug 1360 may 
comprise one or more conventional wmmerdally availabie wiper plugB such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in acoordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In aprcfgrri wnlr*"^, n r«ftoncaitionmgtheaimaratua 1300 
withm the new section 1230 of the weDbore I200,acouptoofwellborevoluinesare 
circulated in order to ensure that no foreign materials are located within the 
weUbore 1200 that might clog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 

extension process* 

AsilluBtratcdmFig.ll^ahardeiiah lftfl 
pumped from a surface locator The material 1380 

then passes from the fluid passage 1320, through the OuMi^ssage 1376, an^ 
30 the interior region 1370 of the tabular member 1310 below the expandable 
mandrel 1305. Thematerial 1880 then passes from the interior region 1870 into 
the fluid passage 1330. The material 1380 then exits the api>aratu8 1300 via the 
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fluid passage 1336 and the annular region 1390 between the exterior of the 
tubular member 1810 and t^ 

1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 pei and 0 to 
} Ann galloaa/min, T^^r t i u ^ty In a preferred embodiment, the material 1380 is 
pumped into the «»miii«r regkm 1390 at pressures and flow rates ranging from 
about 0 to 5000 pai and 0 to 1,500 gallong/mrn, respectively, in order to optimally 

10 m Aa "tmiw ^gUn between *k* tubular member isio «d thoTiaw section i san 
of the weffixire 1200 with the har^^ 

imflenafa le fluidic sealing material 1 380 pay ecmpriae any number of 
c on ve tttiflnaJ co mm ercially available ha rdsnable fhn M i c «M»n»y w»ifarigifl «fl"* > *q r 
for example, slag mix, cement or cpoxy. In a preferred embodiment, the 

15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the weU section being dri 

Services in order to optimally provide support for the tabular member 1310 during 
displaceme nt of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably ia filled with the material 1380 in 
aufnaentqnantit^toensATfe 

1310, the annular region 1390 of the new section 1230 of the welDrare 1200 wiU be 

filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequate^ 
25 filled with material 1380, a wiper dart 1395, <nr other aimflar device, is introduced 

into the fluid passage 1320- The wiper dart 1395 is preferably pumped through the 

fluid passage 1320 by a non hardenahle fmidic material 138 L The wiper dart 1395 

then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 wifli the wiper plug 1350 causes the wiper plug 1350 to decouple 

from the mandrel 1305. Thewiperdart 1395 andwipcrphig 1360 then preferably 

will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fhxididy imrlH™? the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the nop 
hardenable fhiidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 

6 becomes sufficiently pressurixed, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. During tb« extrusion process, the 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 inn~*"^g ^T** 1895 i"* 0 tt* fl^Pa*"** 1320 ** * «gftce location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
convsntianalconim«dafiya 

for example, Multiple Stage Cemanter latch-down phigs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disdoaure. mapreferredeinbodmient, the wiper d^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is avaflsblB 
from Halliburton Energy Services in Dallas, TX. 

Aftrr blocking the p—mae 1330 usingthe wiper plug 1330 and wiper 
20 dart 1396, the nan hardenable fluidic material 1381 may be pumped into the 
interior region 1370 it pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pal and 0 to 1,500 gallons/min in order to optimally 
extrude the tubular member 1810 off of the inandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 wminimixed. 

In nprrfomrt ftmH^ «fterluodringthe fluid passage 1330. the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flowratea ranging fr^ 

40 to 3.000 gallona/min in order to optimally provide operating pressures to 
80 maintam «*« nroceaa at rates sufficient to permit adjustments to be 

m «*» in npamting perametgrs during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, far example, approximately 500 to 9 r 000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 id a fraction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the ahoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operatmg pressors are preferably 
d ete r mined using conventiona] empiri cal methods* 

10 During the extrusion proceed the 

out of the expanded portion of the tabular member 1310 at rates ranging, for 
example, from about 0 to 6 ft/sec Inaprtftaed embodiment, during the extrusion 
process, the expandable mandrel 1^ may be raised out ofthee^anded portion 
of the tubular member 1310 at rates ranging from about Oto^ 

15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1806, the outer surface of the upper end portion 

20 1355 ofthe tubular member 1310 wiU preferably contact the mtm 

lower end portioned the casir^ He 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally provide contact pra 

enough resistance to withstand typical tensile and compressive toads. In a 
particularly pre fer re d embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 

In apreferred embodiment, the operating pressure and fkw 

30 hardenabtefluidk material 1381 is om 

mandrel 1305 readies the upper end portion 1355 of the tubular member 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be mftnmiifrri 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximate^ 
5 feet of the extrusion process. 

Alternativelj.ormcomb^ 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1866 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, U» expandable iiiandrel 1305 is 
remoredfrom the wellbore 1200. iDapreferTed mrthodim wit, either before or after 
the removal of the expandable mandrel 1306, the integrity of the fluidk seal of the 
16 ovwlaimingjotetbe«a»eentheo^ 

thelowerportion<rfthe casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1365 of the tubular 
member 1310 and the lower portion or the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubulsr member 1310 
20 istheniemovedmaconventionalmannw 
region 1390 is then allowed to cure. 

As Illustrated in Fig. llf, preferably any remaining cured material 1380 
within the of the expanded tabular member 1310 is then removed in a 

conventional manner using a conventional drill string. The restating new section 
25 «f~«h»e noofaemdaa the expanded tnbiuar member 1310 and an onlerannnlar 
layer 1405 of cured material 306. The bottom portion of the apparatus 1800 
compriaing the aboe 1316 niayth« 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formationlii»sbeenda«n1bedthtf 

in the borehole. A body of fluidic material is then injected teto the borehole. The 
tubular liner is then radially expanded byextrud^tbeltoeroffof theniandreL 



The injecting preferably inchides injecting a hardenable fluidic sealing material 
into an amralar region located between the borehole and the exterior of the 
tubular liner, and a non hardennhto fluidic material into an interior region of the 
tabular liner below the mandrel. The method preferably includes fluidicly 
5 isolating the annular region from the interior region before infecting the second 
quantity of the nan hardenable seating material into the interior region. The 
injecting the hardenable fluidic sealing material ia preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 psi and 0 to l^SOO 
gnlloni/mm The injecting of the non hardenable fluidic material is preferably 

10 provided at operating pressures and fk^ 

and 40 to 3,000 galliWmfn The injecting afih* n/m hardenable ^trtfrfal 
iapr efer a b^ providadatr educ^ operatin gp i e aiM ifw snil Bow i atea during an end 
portion of the extruding. Hie non hardenable fluidic material is preferably 
injected below the mandreL The method preferabfr include* preasnrizing a region 

15 of the tubular Knerbetow the mandreL Ihe region of the tubular liner below the 
nund^ispreferaMy pressurized to 

The method preferably includes fluidicly isolating an interior region of the tubular 
liner from an exterior region oftha tubular linear, The method further preferably 
in c l ud es curing the hardenable sealing m a teri a l, and removing at least a portion 
20 ofthe cured sealingmaterial located within the tubular Uner. The method farther 
preferably mriudes overlapping to 

Tbc method farther preferably inchides sealing the overlap between the tubular 
liner and the existing weUbore casing. The method farther preferably includes 
supporting the extruded tubular liner using the 
25 casing. The method further preferably indodes testing 

the overlap between the tubular Unsr and the "^f^g wellbore casing The 
method farther preferably 

fh tiriir nraling material within the tubular liner before caring. Tbe method further 
preferably includes lubricating ths surface of the mandrel The method further 
30 preferably inchides absorbing shock. The method farther preferably includes 
catching the mandrel upon the completion ofthe extruding. 
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An »pparatuu for creating a casing in a borehole located in subterranean 
for mation has been described that includes a support member, a mandrel, a 
tnbnlar member , and a shoe. The support member i n c lu des a first fluid passage. 
Themandrel is coupled to the support member a nd i ndudeaasecond fluid passage. 

5 The tabular member is etrapled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, s ec on d and third fluid passages 
are operably coupled. The support member prafersbh/ further li^^ 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member fiirtberiirefBrBbbyu^desasbock 

10 absorber. The support menuoOT preferably includes one or more sealing members 
ftdaptedtopravent foreign niaterud from 

member. The mandrel Is preferably expandable. The tubular member is 
preferably fabricated from materials selected from tbegro^ 
Country Tubular Goods, 13 chromknn steel tubing/casing, and plastic casing. The 
16 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40.000 to 135,000 psi. The tabular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably irtchides a catching member at an end 
portkra for slowing down tb*man(lr^ Tb* shoe preferably iiudude^ 
coupled to the third fluid passage, the inlet port adapted to receive a phig for 
blocking the inlet port. The shoe preferably iB drillsble. 

A method of joining a second tubular member to a ffcst tabular number, the 
25 finrt ta*H"- "^"^ having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the eecond tabular member, and extruding the 
30 second tabular member off of the mandrel into engagement with the first tubular 
member. The pressurising of the portion of the interior region of the second 
tubular member is preferably prov^ 



-64- 



500 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tfce method further preferably includes 
sealing the overlap between the first and aecond tubular members. The method 
6 further preferably mchides supporting the extruded first tubular member using 
the overlap wtth the second tubular member. The method Anther preferably 
includes lubricating the surface of the mandrel The method further preferabry 
includes absorbing shock. 

Aimer far usefocreatmganewe^ 

10 formation adjacent to an already existing aectkm of weDbore casing baa been 
described that includes an annular member. The annular member includes one or 
more seeding members at an end portion of the annular member, and one or more 
pressure rshef passages at an end portion of the annular member* 

A wellbore casing has been described that includae a tubular liner and an 

15 annular body of aoiredfluidicsBtlmginaleriaL The tubizlarlirier is formed by the 
process of ertniding the tubular liner off of a mandreL Hie tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weDbore, and pressurizing an interior portion of the tubular liner. The 
annular bocry of the cured flnJdk sealing material is preferably formed by the 

20 process of injecting a body of harden shle fluidic sealing material into an angular 
region external of the tubular liner* During the pn sun irin & the interior portion 
of the tubuJar liner is preferably 

tubular liner. The interior portion of the tubular hner is preferably pressurited 
to pressures ranging from about 500 to 9,000 pat The tubular liner preferably 

26 overlaps with an toasting wellbore casing. Ifceweflbore casing preferably further 
includes a seal positioned in the cweriap between the tubu^ 
wellbore casing. Tubular liner is prefcrabry supported the overlap with the 
existing weUbore casing. 

A method of repairing an existing section of a weDbore casing w ithin a 

80 horehola has been described th*frfrw4t*iWiii«fa>11iTig M tubular liner and fl fwflwh» 1 
within the weDhoge easing, injecting ■ fln*«i» —"HrH inf* the fcmhftlr 

pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel- In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mis, cement, drilling mud, and epoxy. Is a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 

5 from an exterior report of the tubular liner. In a preferred embodiment, the 
injecting of the body of fltddic material taprorided at operatmg^^ 
rate* ranging from about 500 to 8,000 pai and 40 to 3,000 galloiia/min. In a 
prcfrnrd embodiment, mjerthy of the body of fhildte material is provided at 
reduced pry»r"*™ff p™"""M and flow rates dnringan end portion of the extruding. 
10 mapreferredenmodim«nt,tte la 
a prefeTred embodiment, a region of the tabular liner below the inandrel ia 
pressurised. In a preferred enujodiment, the rerion of ttietabubn- liner bekm the 
mandrel ia pressurired to pressures ranging from about 500 to 9,000 pai. In a 
preferred embodiment, the method farther includes overlapping the tubular liner 

16 withtheexiating-wellbarecasing. In a preferred embodhnent, the method furt^ 
inchulea sealing the mterihee between tto 

casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore caring. In a preferred 
embodiment, the method further indtides testing tte 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further memdes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandre l upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expand^ 

A tie-back Kner for lining an existing wellbore easing has been described 
that indudes a tubular Kner and an annular body of a cured fhiidic sealing 
material The tulralarh^ifl formed by the proceas of 
offofamandreL The annular bod^ of a imred fluids 
80 to the tubular liner, ma preferred embodiment, the tu^ 

process of placing the tubular liner and mandrel within the wellbore, and 
pressuriring an interior pc^on of tte In a preferred embodiment, 
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during the pressurizing, the interior portta 

from An exterior portion of the tubular liner. In a p r efe r r ed embodiment, the 
interior portion of the tubular liner ii pressurized at pressures ranging from sbout 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the process of iipectiiig a body of harden able fhiidk 
sealing material into an annular region between the existing wellbore casing and 
the tubular finer. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
farther includes a seal positioned 

10 other existing wellbore casing. In a p r efe rred cmlxxBment , tubular liner is 
supported by the overlap with the other existing welBxire casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior po rtion, and an exterior portion. The interior 
portion of tbe mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 

20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated fhim materials selected from the group 
consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 68 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In soma fa^w^ some features of the present 
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invention may be employed without a corresponding use of the other features. 
A^ydingfr it ia appropriate that the app end ed damn be construed broadly and 
m a manner consistent with the scope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting" fliiidic material into the borehok; 

5 pressiiriring a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extrudmg at least a portion ofthe liner off 

12. A method of creating a casing in m borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising! 

4 drilling out a new section ofthe borehole adjacent to the already existing 
6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the alremlyenisttag casing; 

9 injecting a hardmable fluidic seating material into an annular region 

10 between the tubular liner and the new section ofthe borehole; 

11 flnidkfriaolatingthft annular region between the tubular liner and the new 

12 section of the borehole from an interior region ofthe tubular liner 

13 below the mandrel; 

14 injecting a non hardenable finidk material into the interior region ofthe 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off ofthe expandable mandrel; 

17 ■«K™g the overlap between the faniy^Tw liner and the alr ead y existing 

18 casing; 

10 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehok; 



22 testing the mtegrityo^ 

23 the already existing casing; 

24 removing at least aporto 

25 the interior of the tubular liner, 

26 curing the remaining portions of the fhxidic hardenable fluidic sealing 

27 material; and 

28 removing at leastaportic^ 

29 within the tubular liner. 

1 8. An apparatus for expanding a tubular men^^ 

2 a support member, to support member ind^^ 

3 || m andr el coupled to the support member, the mandrel including: 

4 a second fluid passage; 

6 a tubular member coupled to the mandrel; and 

6 a shoe awpled to the tubularly 

7 wherein the first, second and third fhiidpassag» are operably couple 

1 4. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member includi ng : 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to t^ 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupted to the first fluid 

8 passage; 

9 a tubular member coupU^ 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, to shoe including: 

12 a fourth fluid passage coupled to the third fhiid passage to frurth 

13 fhrid passage adapted to receive a stop member,and 

14 onecn-xnore exhaust passages coupled to to 

15 injecting fluidic material outside of to shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joimng a aecoiid tubular m 

2 first tubular member having an iimer diameter greater than an 

3 the second tubular member, comprising; 

< positioning a mandrel within an interior region of the second tubular 

6 pressuri tinge portion of the interior rcgfctt of the second 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including; 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or more pressure relief passages at an end portfon of the annular 
8 member* 

1 7. A wellborecasmgp comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular lmar off of a mandrel; and 

4 an annular body of a cured fhiidk sealing material coupled to the tubular 

5 liner. 

1 8. A tie-hm* \mmr for fining an gristing wrilhoTw wmmg, Comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least aporti^ 

4 an annular body of a cured fluidk sealing material cxnipled to the tubular 

6 liner. 
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An apparatus for expanding a tubular member, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel in cl udin g : 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 
an eapandible tubular member coupled to the mandrel; and 
a ihoe coupled to the tubular member, the shoe including: 

a thin* fluid passage operable 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the ahoe is drillable. 
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